Abstract-This paper presents the details of a specialized framework developed for the teaching of the modeling and simulation course for postgraduate students in Universiti Putra Malaysia. The unique feature of the subject is that it requires students ability to gain knowledge in several fields and relate them aptly to the need of performance analysis. IT also demands acquiring skills to develop comprehensive tools using the principles of discrete event simulation. The developed framework focuses on student-centered learning of queuing analysis, the development of models and relating them to performance analysis, the specialized activities to derive discrete event simulation components, and output analysis. It also deals with the tool's impact on research within the area. The framework was evaluated in a course. It showed the ability to enhance the level of student's understanding and application of competency gained to research.
INTRODUCTION
Performance analysis of communication networks forms an integral component of the postgraduate curriculum at the Faculty of Computer Science and Information Technology (FSKTM) in Universiti Putra Malaysia. The course is offered in alternate semesters. A wide spectrum of postgraduate students take the course, for instance those from Computer Science as well as those from Software Engineering. A unique feature of this course requires in-depth understanding in a subject and sound knowledge of techniques for developing a performance analysis tool. The developed framework has been tailored to ensure that the subject provides the competency for students to embark and excel in various research areas.
There have been numerous challenges in ensuring the fulfillment of the stipulated objectives tailored for the course. Among the pertinent challenges is the applicability of course outcomes on the student's preferred research areas. The subject matter of performance analysis is unique as its serves as the tool to realize research objectives. As the central focus of the research process is the subject matter at hand, the parallel importance placed on the realization of ideas via performance analysis tools is rarely done concurrently. In reality of the idealistic clauses governing the selection of the performance analysis tool, the fundamental constraint is the competency of the student in several areas. These constitutes of mainly the ability to relate the importance of data structures in the development of simulation test-bed, sound understanding of programming languages (i.e. console or windows based) and mathematical knowledge. Although the replication of the problem at hand imposes its respective representations in the most apt solution being measurement, analytical or simulation, the ultimate selection is based on the student's respective competency.
The modeling pre-requisites are also an evident challenge. The description of the problem being analyzed into conceptual models is vital in relating its representation for analysis purposes [1] . Extracting the components and the inter-relationships between components is derived from the problem proper. However, the challenge is embedded in determining the level of abstraction for modeling purposes exerting the respective magnitude [1, 2] The lecturing strategy deployed is an equally vital factor. The modeling and simulation subject is highly logical and analytical in nature. As such, the medium of used for teaching has a direct influence on the embracing of the knowledge. Interactive teaching encompasses a wide spectrum of methods. Failure to engage the correct method will indeed result in the subject matter comprehended from a purely theoretical subject area as opposed to practical centric target. Thus, failing in the ability for the student to apply the knowledge on an enhanced platform or research domain. This paper presents the details of the strategies deployed in the teaching of the SKR5501 subject; the performance analysis of communication networks to obtain optimized embracement by students. Section 2 presents the details of the course at the faculty. This is followed by the discussion on the developed course deployment framework. Section 4, discusses the evaluation and analysis of the developed framework. Section 5 concludes the paper.
II. PERFORMANCE ANALYSIS COURSE
This section provides the details of the performance analysis course conducted in the FSKTM during the second semester from the term 2008/2009 to 2009/2010. The course is offered to postgraduate students of the Masters in Computer Science. The course is a three credit hour course and is conducted once a week for a duration of three hours. The class size ranges from 25 -40 students per class. An important observation is placed on the undergraduate qualifications which form a heterogeneous background. Among those are of computer science, networks and telecommunications, software engineering, business information technology and engineering. The course is conducted over a period of 14 weeks. Evaluation comprises of mid-term (20%), final examination (40%) and course work (40%). The class is conducted in two modes. The first being the lecture proper and the second mode is on the involvement of the students in developing the performance analysis tool coherent to the lectures.
III. PROPOSED FRAMEWORK
The intent is to achieve appropriate course delivery for students with differing backgrounds and varying usage of the course contents. Thus, the proposed framework primary design is based on the ability to ensure sustainability of the acquired knowledge by students in enhancing the usage of the knowledge to wider horizons. This would constitute of students completing the course and being able to develop their own discrete-event simulator for their respective problems.
The proposed framework developed encompasses of ten (10) main elements which are deliberated in Figure 1 . The deployment of the components can be correlated to phases of implementation. However, there are components which are ongoing and iterative in nature such as component number 5.
The first component involves the pre-assessment competency analysis.
In general contexts three fundamental pre-requisites are stipulated for this subject; data structure, statistics and probability and programming. The need to have 'an idea' of the research discovery journey is vital as a pre-requisite. This is in view that the unique nature of the performance analysis cause is to provide an avenue for evaluation the depth of research. The mechanism utilized for this was quizzes in the first week and mini-interview sessions with the students. The initial class assignment is tailored to identify the students' viewpoint of any research area. As there exist multiple methods to conduct performance analysis, the problem at hand is critical to enable the focus of the course.
The second component relates to identifying the research areas with the methodology. However, absolute attention must be given to the inclusion of new research areas and also forwarding the various potential research trends to the students. However, the distinction as compared to research method is at the art of blending these materials to the selection and deployment of performance analysis tools to realize them. Component three is the finalization of the teaching plan deployment strategy. As the teaching plan is stipulated prior to the commencement of the semester, the deployment however has enormous space for creativity. This for example encompasses the selection of the base programming platform. The selection of the programming language is vital especially when we take into consideration the usage of the results for realworld usage. The imposing of a particular programming language is directly correlated to the representation of the problem at hand; which may be either object-oriented, procedural or etc. This has a direct impact on the teaching of the subject. An example would be the discrete-event simulation, which can be both expressed using through the verb of events or by nouns of components. Further customization involves research areas selection. Relating to this would be for example the teaching of probability distribution functions. In the event if the communication networks are to include WiMax (IEEE 802.16) and Wireless Sensor Networks (IEEE 802.15) and in specific the area of scheduling algorithms. Thus, the relation of the teaching of the distributions will encompass the legacy distributions (i.e. Poisson, Erlang) and those relevant to traffic modeling (i.e. On-Off model). Thus, relations to current projects were deployed from the research group [4, 5, 6] . The projects comprised of diverse areas such as cellular networks and optical networks.
The fourth most challenging component is the deployment of the course lectures. This phase is interrelated to phase 5 to phase 7. This is due to the feedback observed and retrieved from class interactions during lectures. The subject of performance analysis can be considered analogous to the teaching of mathematics. Highly interactive and dynamic. The observations over the several years of the subject deployment has proven that the best method is through multimedia and a significant portion of the class is through the usage of the whiteboard. Solving problems and developing the respective solutions for them interactively in class proved to be the most related methods by the students. Constant class based discussions which serve as student oriented discussions must be employed to ensure the monitoring. Though, this will create a significant overhead on the class time consumption but the results outperform the overhead.
The practical sessions are compulsory. Though the course is a (3+0) subject denoting no lab sessions, it needs to be incorporated in the class. As laptops are now more of a utility as opposed to a luxurious ownership, these sessions can be conducted within the lecture hall. In this study, students were given quizzes and evaluations utilizing the machines. Failure to ensure the development of the simulations will indeed lead to the nonaccomplishment of the student competency.
The validation of the developed performance analysis tool is an issue of priority. The essence of the capability of the students to develop multiple tools to perform analysis must be complemented by the ability and techniques to validate the tool. In the wide myriad of techniques available, the selected method in this framework is by acquiring results from complementary methods. Thus, the underlying technique must be able to be developed by another complementary method. An instance would be the development of scheduling algorithm via discrete event simulation and the complementary method via analytical method (i.e. queuing theory, markov models). Testbed implementations are also viable depending on the availability of the devices. These would be compulsory to be included into the 7 th component which is course evaluations. The final component is to conducted to seek the relevance and actual deployment of the subject in realworld scenerios. As research areas constantly evolve, the applicability of legacy methods need to be reviewed and revised. Most importantly the framework was developed to realize true deployment of the measures.
The feasibility of the proposed framework was evaluated for a period of two semesters. The details are deliberated in the following section.
IV. EVALUATION AND ANALYSIS
The effectiveness of the developed framework was evaluated by conducting an extensive qualitative and quantitative evaluations on a total of eight (8) postgraduate students who pursued their Doctor of Philosophy (PhD) in the area of Communication Networks.
The framework effectiveness in addressing the challenges of the course relevance and significance were conducted over two semesters. The approaches deployed were two strategies and the evaluation control parameters were according to Table 1 . The postgraduate students evaluated were four from Sem 1 (2008/2009 ) and the remaining four from Sem 2(2009/2010). All eight pursued their respective research in the area of Wireless Networks and specialized in the area of Wireless Sensor Networks. The observations acquired from monitoring these students first two semesters of their PhD, were based on several performance metrics.
The first was the ability to abstract the performance analysis tools in relation to the pursuit of finalizing the research topic. This was computed in terms of time and the units used were days. The second performance metric is the ability to map the knowledge gained from the course and develop discrete event simulators for problems which were beyond the scope of the course. This was also measured in the unit of time (days).
The students were monitored on their ability to utilize the subject in reflecting the initial subject of Directed Reading. The nature of directed reading governed in this study was to enable the student to form a solid foundation of the area of research and to identify pertinent research trends. Figure 2 illustrates the findings. The results have shown that the students from the generic performance analysis approach preferred to utilize the theoretical applicability of the knowledge. Whilst those of the research customized and prerequisite sensitive approach utilized a combination of methods. This serves as a testimony for the impact of conducting the SKR5501 course in a customized manner on the ability to analytical evaluate the multitudes of research area. The students who used the combined
V. CONCLUSIONS AND FUTURE WORK
The evaluated frameworks provide an angular focus directed towards a successful implementation of the performance analysis subject. It is evident that the teaching of the performance analysis course is highly correlated to the background competency of the students within the main governing areas. In addition, the notion of applicability of the subject is equally vital to ensure the utmost engagement level of the student in the subject matter. An ideal teaching plan customized to reflect the main learning outcomes and course synopsis is mandatory. The failure to recognize the competency levels and usage of the course will indeed result in the optimization of the course outcomes in research proliferations being compromised. The need for interactive tools and conducting the lectures with central focus on real-time development during lectures is currently being explored.
Performance analysis is an amazing subject that has an enormous potential for promoting the growth of innovative discoveries.
